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Table 1. Mean percent fertilization of Snake River cutthroat trout and chinook salmon. The
eggs and sperm were exposed to various concentrations of hexavalent chromium during
fertilization and the eggs were hardened in water that contained similar concentrations of
chromium. Standard error of the mean are in parentheses and different letters denote
significant difference at P < 0.05. Species were analyzed for significancese ~ ~ly. NS =
no sample. NOTE: Letter designations are used in this table and those that to define
the multiple comparisons that were performed with the Tukey analyses. Therefore, no
statistical differences were observed when all means are followed by an “a.”

Snake River Cutthroat

Chinook Salmon

Chromium Percent Chromium Percent
(ng/L) Fertilization (ng/L) Fertilization
0 47.9°(5.7) 0 4 66.7° (2.3)
11 54.9° (4.2) 1 4 67.2* (3.1)
24 50.3% (7.4) 24 NS NS
54 51.4* (5.7) 54 NS NS
120 39.0° (5.9) 120 4 62.6" (2.8)
266 51.6°(2.7) 266 4 69.1° (1.1)
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Table 3. Concentrations of total Cr and Cr*® in the water used to expose early life-stages to
chromium. NS indicates that Cr*® concentrations were not sampled for that treatment.

Nominal Measured
Choonl:u Total Measured
r m
( /Il,) Chromium  Cr*® (ug/L)
HE (ng/L)
0 <l.5 NS
5 5.1 7.2
11 11.6 NS
24 25.2 29.8
56.5 NS
120 123.2 1334
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Table 4. Mean time to median hatch, percent of eggs hatching, percent of eggs hatching and
resulting in viable alevins, and percentage of live-hatched alevins exhibiting obvious
deformities (non-viable). Chinook salmon were exposed to 0, 5, 11, 24, 54 and 120 pg Cr/L.
Different letter designations indicate a significant difference at P < 0.05. SEM in
parentheses.

Nominal Daysto N Percent  Percent  Percent

Chromium Median Hatched- Viable Deformity
(ng/L) Hatch Live Hatch
0 30.0 4 95.2° 93.8° 1.5
(1.2) (1.5) (0.3)
5 30.8 4 95.5° 92.2° 3.25°

(1.6) (1.5) (0.6)

11 31.0 4 93.0* 90.8* 2.25°
(1.4) (L.1) (0.5)

24 30.0 4 94.2° 92.0° 2.25°
(0.5) (0.7) (0.5)

54 30.5 4 94.5" 91.2° 3.25°
(1.0) (1.4) (1.1)

120 30.5 4 93.8* 92.0° 1.75°
(2.3) (2.4) (0.5)
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Table 5. Mean time to swim-up, cumulative percent of salmon alevins surviving to swim-
up, and percent surviving through 30 days post swim-up. Chii  k salmon were exposed to
0,5, 11, 24, 54 and 120 pg Cr/L. Different letter designations indicate a significant
difference at P < 0.05. SEM in parentheses.

Nominal Days to N Percent Percent
Chromium  Median Survivalto  Survival to
(ng/L) Swim-up Swim-up 30 Days Post
Swim-up

0 83.0 4 92.9 92.9°
(1.5) (1.5)

5 82.5 4 91.2° 90.6°
(1.8) (2.3)

11 82.5 4 90.1* 90.1°
(1.5) (1.5)

24 83.0 4 88.8" 88.2°

- 0) (2.4)

54 82.8 4 90.4" 90.4°
(1.7) (1.7)

120 83.5 4 91.0* 91.0°
(3.0) (3.0)
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Table 7. Mean whole-body concentrations of chromium (jg/g) in chinook salmon samp™
at median hatch (Day 32), during the alevin stage (Day 70), at median swim-up (Day 83) and
| at termination of the study (Day 113). Chinook salmon were exposed to 0, 5, 11, 24, 54 and
120 ug Cr/L. Different letter designations indicate a significant difference at P < 0.05. SEM
in parentheses.

Nominal N Median Alevin Median  Termination
Chromium Hatch Stage Swim-up
(ng/L) (Day32) (Day70) (Day83)  (Day113)

0 4 043? 042* 0.97° 0.24°
(0.09) 0.11) (0.28) (0.03)

5 4 0.30* 0.36" 0.35° 0.22*
(0.02) (0.09) 0.07) (0.03)

11 4 0.30° 0.32? 0.34" 0.22*
(0.06) (0.01) (0.06) (0.03)

24 4 0.32* 0.31° 0.56* 0.28°
(0.04) (0.02) (0.05) (0.02)

54 4 0.62° 0.45* 1.14? 0.37°
(0.23) (0.02) (0.33) (0.05)

120 4 0.46" 0.76° 1.04 0.65"
(0.02) (0.04) (0.07) (0.06)

——— —— [, — -
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Table 8. Percent survival of chinook salmon during an experiment where parr were exp :d
to 24 or 54 pg Cr/L to Day 105. The concentrations of chromium were increased from 24 to
120 ug Cr/L and from 54 to 266 ug Cr/L for the remainder of the experiment that ended on
Day 134. Different letter designations indicate a significant differenceatP<0 iw ina
sample day. SEM in parentheses.

Nominal Day N Percent
Chromium Survival
(ng/l)
0 105 4 87.8"
4.0)
24 105 3 92.3*
3.7
54 105 4 91.3*
(0.5)
0 134 4 96.8*
(1.9
24/120 134 3 84.3
(5.8)
54/266 134 4 69.8°
3.7

31







Table 10. Mean concentrations of chromium in various tissues collected during an
experiment where chinook salmon parr were exposed to 24 or 54 pg Cr/L to Day 105. Tt
concentrations of chromium were increased from 24 to 120 pg Cr/L and from 54 to 266 pg
Cr/L for the remainder of the experiment that ended on Day 134. Different letter
designations indicate a significant difference at P < 0.0S within a tissue and wi in a sam
day. SEM in parentheses.

Nominal Day N Gill Kidney Liver  Pyloric Whole
Chromium : Cacca Body
(ng/L)
0 105 4 7.4° 5.5° 0.9 0.6 1.5°
(3.8) (2.6) (0.4) (0.2) (0.4)
N= N=3
24 105 3 14.8° 9.6 4.0° 0.7 6.6
(6.7) (4.8) (2.1) (0.2) (2.4)
54 105 4 25.7° 25.6° 3.0 1.2° 8.8°
(1.5) (5.6) (0.4) (0.2) (2.1)
0 134 4 1.3 2.8 0.4" 0.3° 0.2
(0.3) (1.0) 0.1) (0.1) (0.1)
24/120 134 3 29.4° 30.2° 4.6° 2.1b 6
(2.0 (7.9) (0.6) 0.4) Q.7
54/266 134 4 35.4° 29.6° 7.2° 3.7 6.5
(1.1) (2.3) (0.5) (0.4) (3.6)
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Appendix 2. Guidelines used to score histology.

Kidney

Hematopoietic cells (relative area/volume) - Hematopoiesis is a normal function of
the renal interstitium, but in some cases the number of hematopoietic cells was

decreased or increased.

Score =0
Score = 1
Score =2
Score =3

mild

moderate

severe

area of hematopoietic cells <2/3x area of tubules

area of hematopoietic cells >2/3x area of tubules but
< 1 1/3x area of tubules

area of hematopoietic cells > 1 1/3x area of tubules but
<2x area of tubules

increased amounts of hematopoiesis, with bands of
hematopoietic cells sometimes greater than 100 pm
thick

Necrosis of cells lining tubules (Renal Tubular Necrosis)

Score =0
Score = 1
Score =2
Score =3

mild

moderate

severe

vessels had no renal tubular necrosis

renal tubular necrosis present, but <4 tubules per cross

.section

>4 or <10 foci of renal tubular necrosis per cross section

>10 foci of renal tubular necrosis per cross section
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Appendix 2. Guidelines used to score histology (continued).

Kid

Fibrosis around tubules (Peritubular Fibrosis); Affected tubules were surrounded
by irregular bands of fibrosis composed of plump fibroblasts and immature cc™™ jen.

Score =0 sections had no peritubular fibrosis
Score = 1 mild <4 foci of peritubular fibrosis

Score=2 moderate >4 or <10 foci of peritubular fibrosis per cross section

Score =3 severe  >10 foci of peritubular fibrosis per cross section
Tubular Dilation

Score =0 tubules were not dilated

Score = | mild <50% of tubules were dilated

Score =2 moderate >50% of tubules were dilated

Score =3 severe at least one tubule dilated more than 500 pm in diameter
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Appendix 3. Mean weights and lengths of chinook salmon that were sub-sampl  for

histology at median hatch. Chinook salmon were exposed to 0, 5, 11, 24, 54 and 120 ug

Cr/L. Different letter designations indicate a significant difference at P < 0.05. SEM in
rentheses.

Nominal = Days N Weight  Length

Chromium (g) {mm)
(ng/L)

0 32 4 0.171* 21.3°

(0.007) (0.2)

5 32 4 0159  21.0°

(0.007) (0.2)

11 32 4 0.150° 20.7°

(0.007) 0.2)

24 32 4 0.165" 21.2°

(0.007) (0.2)

54 32 4 0.156" 20.8°

(0.007) (0.2)

120 32 4 0.163° 20.8°

(0.007) (0.2)
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Appendix 4. Mean weights and lengths of chinook salmon that were sub:$§imp1ed for
physiology during the alevin stage (midway between hatch and swim-up). Chinook salmon
were exposed 10 0, 5, 11, 24, 54 and 120 pg Cr/L. Different letter designations indicate a
significant difference at P € 0.05. SEM in parentheses.

Norrﬁnal

Days Weight  Length

Chromium (8) (mm)

(ng/L)

0 70 0.221° 31.2°
(0.005) (0.2)

5 70 0.220" 31.2°
(0.005) - (0.2)

11 70 0.219* 31.2°
0.005)  (0.2)

24 70 0.218" 311
(0.005) (0.2)

54 70 0.223* 31.6°
(0.005) (0.2

120 70 0.228° 31.6°
(0.005) (0.2)
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Appendix 6. DNA strand breakage in chinook salmon parr as measured by gel
electrophoresis. Mean concentrations presented as the log of kilobase pairs in gill and liver
tissues collected during an experiment where chinook salmon were exposed to 24 or 54 pg
Cr/L to Day 105. The concentrations of chromium were increased from24to1 'y~ Cr/L
and from 54 to 266 pg Cr/L for the remainder of the experiment that ended on1 ¢ 134.
Different letter designations indicate a significant difference at P < 0.05 within a tissue and

within a sample day. SEM in parentheses.

Nominal Day N Gill Liver
Chromium

(ng/l)

0 105 4 4.2° 34°

(1.1) 0.4)

24 105 3 3.1 3.1°

(0.29) 0.7

54 105 4 12.6° 4.9°

(6.88) (0.9)

0 134 4 41" 3.3°

(1.5) (0.4)

24/120 134 3 3.3 2.8°

(0.5) (0.3)

=2
54/266 134 4 3.8° 3.0°
(1.0) (0.4)
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